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MEMORANDUM REPORT

_ for the
T ST T T Army Air Forces,: Materiel Command
TESTS OF TWO MODELS REPRESENTING INTERMEDIATE INBOARD
AND OUTBOARD WING SECTIONS OF THE XB-36 AIRPLANE
By Seymour M. Bogdonoff
INTRODUCTION -

At the requést of the Army Air Forces, Hateriel Command,
tesps were made in the two-dimensional lbw-turbulence pres-
sure tunnel and the two-dimenslional low-turbulence tunnel of
two models submitted by the Consolidated Aircraft Corporation.

The model representing the inboard ssctlon was tested
with four combinations of flap shape and slot entry to obtailn
the best slotted flap characteristics on the baslis of maxi-
mum section 1i1ft coeofficlent and minimum sectlon drag coef-
flclent when retrectod. The combination chosen was then
tested to determine the effect of varylng the gap with flap
In the meximum 1ift position. Tests on thls section in-
cluded 1ift, drag, rnressure-distribution measurements, and
pltching moments for various flap deflections 8. A scale=
effect teat was made on the sectlon with flep retracted and
et maximum 1ift position.

Tests on tpe model ;gpresepping the outboard sectlon,
an alrfoil with an internally baliﬁced alleron an& balanced
split flap,. included 1ift, pressure~distribution measuremants,

and pltching moments with various alleron deflections 5& for
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each flap deflection. Drag and scale-effect data were ob- .
tained for the flap-retracted and neutral-aileron condition.
Aileron effectiveness was also 1lncluded.

HMost of the data were obtaolned at a Reynolds numver R
of approzimately 8,000,000 and 9,000,000 with the exception
of the pltching-moment data obtained on the moment balance.
These tests were run at a Reynolds number of approximately
2,000,000, The large number of pressure=-distribution
diagrams obtained are not presented in this report but are
avallable, | -

MOD:LS _ _

The models were of 2li~inch chord and cénstructed of
wood with metal flaps and aileron. The wings, flaps, and
alleron all had pressure~distribution oriflices, The sec-
tions tested were interme;iate'soctions of the actual wing
which had as a.fgot section an NACA 63(420)-422 airfoil and.
as a tip section an NWACA 63(1i20)-517 alrfoil, The inter-
medlate inb;afd and outboard sébtion riodels were appr&xi-
mately an NACA 63%(L20)-421.35 airfoil and an NACA 63(L20)-520.6
airfoil, |

The inboard section had a 2lL.3-percent-chord slotted
fleap, Four combinatlons of flap shape.and slot entry were

Interchangeable on this model.




-5-

The outboard gection had an internally balanced
"12.5-perbent-cﬁ6;d a;lepon and- a-16.0-percent-chord
balan;ad split flap whilch ?etracted into the lower surface
of tﬁé alrfoil Juaq.aﬁqag of the alleron.
o METHODS * _

.Section drég éoefficieﬂts-wéfe obtained by bhe wake-~
sufvey mé%hod using an integrat;ng manometer. Sectlion 1if¢
coefficients vere obtained by measurlng the 11ft reaction on
the floor and ceiling of the tunnel by means of integrating
manometers connected to pressure orifices in the floor and
ceiling. Preasure~dlstribution data were obtained by
reading and »nlotting the pressures directly from a multiple-

tube manometer.

1At the time this report ras orizinally published,
some of the correctlons resquired for reducing the test
data to free~air conditlons had not been determlned. The
values of sectlion 11ft coefficient ¢; for the inboard

wing section sihiould be corrected by the equation

= 0.965¢; + 0.036¢,

®1(corrected) a=1°

where 7 4=10 1s the sectlon 1lift coefficlent at an angle

of attack of 1°.

The sectlon 1lift coefficients for' the outboard wing
section should be corrected by the equation

= 0,965¢c; + 0.037c

cz(corrected) lg=1°
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The sectlion pltching-moment coefficients.presented for
the outboard section were obtalned from a moment balance
using a calibrated torque fod. The model was plvoted at
the quarter-chord polnt and there was a gap of approximately
0.15 inch between the model ends and the tunnel walls to
allow free movement of the model., All tests of thls type
were made at a Reynolds number of approximately 2,006,000.

For the 1inboard sectlon, pitching moments were ob-
tained by the above method for flap deflections of 0° and
20°, For a flap deflectlon of L0°, however, whore section
pitchlng moments were above those for which the balance was
designed and oscillatlons were large, moments were
calculated by graphlical means from »ressure-distribution
data obtained at a Reynolds number of approximately 8,000,000.
These calculations were repeated for a flap deflection of 20°
to check the data obtalned from the moment balance and to
éive an indicatlon of possible scale effect on section
pitching~-moment coefficient. The graphical method used
gives the total section pltehing~noment coefflcient and in-
cludes the component of moment associated with the chord
force.

RESULTS AIID DISCUSSION
Inboard section.- The Inboard sectlon model with a

slotted flap was equipped to be tested with four combinations
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.of flep shape and slot entry (fig. 1). The 1lift data ob-
talned using the smallest flap gap;-A-A', are presented In
-figures 2 to 5 and the curve of section drag coefficlent a4
against sectlon 1lift coefficient ¢  for flap retfacted is
presented in figure 6. . Some trouble was exparienced in
getting accurate drag measurements because of spanwlise flow
in the slot, although &ll drag testq were made with thin
cardboard dams glued in the slot. Also Included in
- Pigure 6 are the results of a test using flap 2 and nose 2
with the gap filled with modeling clay,

No combination of flap and nose glves any particularly
large advantage over any of the other comblnations, but
flap 1 and nose 1 ceem to be the most favorable combination
since 1t has the highest maximum 1ift coefficlent, 3.10, with
a smooth 1lift curvo, and slightly lower drag over most of the
low~-drag range. The maximum 1ift coefficient was obtained,
at a flap deflection of }0°, Iift data were also obtained
for-a flap deflection of 20° and are nresented in figure 7.

On the basls of the tests made with the slot open and
then filled with modeling clay, the need of a doof to close
the slot when the flap 1s retracted 1s not indicated.

f'wo alternate flap positions were tested (fig. 8) with
the flap deflected L40° to study the effect of varying the

gap. The results are presented in figure 9. The maximum
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1ift coefficien@fincreasea from 3.i0 for the smallest gap,
A~A',-t0 3.28 for the largest gap tests, C-d'.

. With the flap in the L0® ¢-C' position, 1ift data were
obtained at Reynolds numbers of 2,060,000, 3,000,000
6,000,000, and 9,000,000, Over this range the maximua sec=
tion lift coefficient increased from 3.06 to 3.28 (fig. 10).

Moment deta for the flap retracted, 20° deflection, end
10° ¢-C? deflettion, are presented in figure 11 and are of a
magnltude sxpected for a 0.25¢ slotted flap. For the flap
retracted and at 20° deflection, section pitching-moment coef-
ficlents were obtained from moment-balance data. For the 1j0°
C-C!' deflection, and as a check on the 20° deflectlion, section
. pltching-moment coefflcients were calculated from pressure-
distrlibution data. The agreement between the moment balance
and pressure~distribution data ls considered very satlsfactory
and the scale effect on section pitchiﬁg-moment coefficlent
m;y be considered negligible below maximum 1lift in the range
tested.

Outboard section.- For the outboard ssction model with

the internally balunced aileron and balanced split flap
(fig. 12) .1ift data were obtalned for six posltions of flap
.through a range of alleron deflections (figs. 13 to 18).
For the flap retracted and fully deflescted, 50°, 1ift data

were obtalned for aileron deflections of from 20° to -20° in
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50 increments. For the intermediate positions, 10°, 20°,

- 300, and hoo,-lift data were obtalned only at 20°, 0°, ana
-20° deflections of the alleron. The maximum section 1lift
coefficlient obtained for neutral aileron was 2,57 for 50° '
deflection. The maximum lift coefflclent obtainable was
2.59 with the flap at 56° and ‘the aileron .at 5°, For

further positive defleotion of the alleron with the flap

fully deflected, ﬁhe maximum section 1lift coefficient falls °°

off to 2.l for 20° defleotion. _

For all of the intenmediate flap positions there seems
to be a definite tendenoy to have higher meximum 11ft coef-:
ficilents with negaﬁiée”aileron deflections. The maximum
1ift coefficients for flap deflections of 20° and 30° are-
higher for =20° deflection of the aileron than for 0° or 20°.
A negative deflection of the alleron probably Ilnduces a
lower pressure behind the flap oausing larger and better
flow through the gap and around the flap. This effect dig-
eppears at 1;0° and 50 although the tendency is still .shown -
by the wide flat top of'the lift curve for 4,0° flap:-defléva.
tion (position 5) and -20° aileron defleotion (fig.. 17).

The effect of & deflected flap.or aileron may. be
measured- as a change of angle of atfack of the wing: -section
or by the change in the zero-lift angle. A factor of -
proportionality (denoted by Aa/hocz_o,o) may be taken as a -

. [
o [ -
-

£
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measure of alleron effectiveness, although the airplane does
not aétdali§'f1y in this condition. This factor Ao/Ad
equals 0,3l for the flap retracted and falls in the normal
alleron-effectiveness range., From figure 13 it may be seen
that thls factor stays constant to high section 1ift coef-
ficlents. For the flap fully extended to 50°, "Aa/A6 drops
to 0.26 which is below the normal range and gives only

76.5 percent ofithéxéileron”erféctiveness obtained with the
flap retracted. .At high ssctlon 1lift coeffiéients the ¢
aileron effeétiveriess drops off still further, giviné only
about 60 percent of-the'effectiveness obtained with flap'- )
retracted, DRSSPV S '

For the intermediate flap deflections, positions 2, 3,
and lj, alleron -effectiveness drops to a critical point, as
low as 37 percent 'of normal effectiveness for position l} in
the high 1ift condition. Fop these thres positions the =
average Aa/A% 1§ epproxinately one-half of the normal éiiéron
effectiveness,  and cannot- give effective lateral qonﬁroi.in
this condltion. ' Qther tnvestigations show that moving the
flap farther beck dnd allowing a large gap between flap:and
alleron wiil give almost ‘full aileron effectiveness at maxi-
mum flap deflections.'’- Better effectiveness at intermediate’

flap positions hay al30 ‘be ‘dbtained.



-9~ .k

The variation of maximum section 1ift'coefficient for
flap retracted and fully ‘deflected, 50°, for change in
Reynolds number 1s presented in flgures 19 and 20. ~ For
flap retracted, the meximum 1if't coefflclent varies from
1.28 to 1l.47 for a change in. Reynolds number of from
2,000,000 to 8 000, 000 ‘for 50° deflection of the flap, the
maximm 1ift coefficient varies from 2.40 to 2.68 for the
same change. in Reynolds number. |

In figure 21-is“presented the curve of sectlon drag
coefficient againet section 1ift coefficlent for the flap-
retracted and alleron-neutral condition.

Bectlon pitching-moment data for all flap deflections
through a range of aileron deflections are presented in
figures 22 to 27 and are of a magnitude expected for such
an arrangement. These data were obtained from moment-
balance measurements. The data at or beyond maximum 1lift
are not considered rellable because there were gaps between
the tunnel walls and the model ends. The effect of gap and
Reynolds number may be seen in figure il fopr 20° deflection
of- the slotted flap. Below maximm 1ift the effects nay
te considered negligible.
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CONCLUSIONS .
Inboard Section A !

1., Flap 1 and slot entry 1 seem to be .the best of the
combinationa tested. : _

2« A maxlmum sectlon 1lift coefficient of 3,28 was ob-
tained wlth the largest flap gap.tested, C-L', at a flapn -
deflection pf L0°., This compares very well with other -
tests of simllar flaps.

5. On the basis of the tests made, the need.of & door
to close the slot when the flap 1s reivacted 1ln ‘some. con=-
figurations 13 not. definltely. indicated. "L cLotL e

Outboard Sectlon
e The maximum section 1ift coefficlent obtalned was:
2.59 for 50° deflection of the flap and 5° deflection of
the aileron.

5. Some account must be takem of the 1lncrease in
maximun section 1lift coefficient ‘for negative alleron de-
flections for intermsdinte flap positions 2, 3, and.l.

6. Alleron erffectiveness 1s deficlent for the inter-
nedlate flap positione end falls slligatly below the ranpge
usually considered acceptable for the fully deflected .
position., The effectiveness of the alleron alone, flap
retracted, is satisfactoery,

Langley Memorial Aeronnutical Laboratory,

National Advisory Camnittes Ior Acronautics,
Langley Field, Va., January 7, 1943,
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Flgure l.- Coambination of flap and slot entry for inboard wing section
model of XB=-36 airplane with slotted flap.
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Pigure 8, Threes positions of slotted flap omn inboard wing section model

of XB-36 airplane used to test effect of varying gap size, TFlap 1,
slot entry 1; &g, LO°,
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